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Abstract 
Vapor - liquid equilibrium pressures of the binary systems: 
chlorotrifluoromethane - dichlorotetrafluoroethane and 
tetrafluoromethane - dichlorotetrafluoroethane were determined 
from 183.00 K to 233.00 Kand 183.00 K to 222.61 K, respectively, 
by the total pressure method. 
Wilson constants were derived from these data and from published 
experimental data for the system tetrafluoromethane - chloro-
trifluoromethane in the same temperature range. 
Experimental vapor pressures were measured for the system: argon 
- tetrafluoromethane - chlorotrifluoromethane - dichlorotetrafluoro-
ethane and compared to the bubble point pressures calculated 
using the pure component data and Wilson constants of the six 
binary systems. The correlation predicted experimental values 
within+/- 10%, with an average deviation of 3.8%. 
1 
1. Introduction 
Halogenated hydrocarbons represent a unique class of organic 
6 
compounds. The principal characteristics of these products, 
' 11 k A111TM ( TM ' t ' t d commercia y nown as Fre~\- Freon is a Dupon regis ere 
trademark), include nonflammability, low toxicity, high density, 
and excellent thermal and chemical stability. Typically, these 
compounds also have a high molecular weight compared to a low 
boiling point, low viscosity, and low surface tension. This 
unusual combination of physical properties is the basis for the 
application and usefulness found in these fluorocarbon compounds. 
The applications of fluorocarbons are many, ranging from solvents 
and dielectric fluids to propellants, blowing agents, and fire 
extinguishing agents. By far, the most important application 1s 
in refrigeration. The combination of safety and physical 
TM properties make Freon compounds ideal for use in home and 
industrial refrigeration systems. 
It is important that thermodynamic properties, such as heat 
capacity and phase equilibria, be available so that applications 
and designs can be optimized. In most cases, experimental phase 
equilibrium data on binaries are necessary in order to predict 
the behavior of multicomponent mixtures. 
2 
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I 
Preliminary studies by Polycold Systems, Inc. have shown that a 
mixture TM 
TM 
of Ar (Argon), CF4 (Freon 14), CC1F3 (Freon 13), and 
(Freon™ 114) is a particularly good refrigeration 
0 
mixture at temperatures as low as -140 c. Thus, it was decided 
to acquire accurate phase equilibrium data for the binary 
combinations of this quaternary mixture. Then, by using proper 
thermodynamic correlations, these data may be useful in the 
prediction of vapor-liquid equilibria of the quaternary system. 
/ 
3 
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2. E~perimental Apparatus 
2.1 General 
A total-pressure VLE apparatus was designed and constructed for 
this study. This type of apparatus, sometimes called a PTx 
apparatus, was chosen over more conventional PTxy systems because 
of its ability to handle certain experimental systems more easily 
and with more accuracy. The PTx approach eliminates analyses of 
the vapor phase compositions, thereby eliminating one of the 
major sources of error in VLE measurements and increasing the 
rate at which data can be acquired. This type of apparatus has 
b d . d · , 
. . 17 
een iscusse previously for high temperature applications . 
Their design was adapted here to accommodate low temperature 
studies. 
The entire system can be seen in schematic form in Figure 1. The 
system consists of a 30 cc equilibrium cell, which when operating 
contains 25-30 cc liquid. The total volume of the equilibrium 
system is approximately 32 cc. It is connected through a valve 
to a charging and sampling manifold. A null transducer separates 
the sample system from a pressure source and pressure gauge. 
4 
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Digital 
Voltmeter 
Demodulator 
Temperature 
Controller 
Cooling Coil~~-++-
Control Heater 
Temp Transmitter 
Pressure Gauge 
100 psia 
Pressure 
Adjuster 
-..._ +10 psid Transducer 
fil:.l.uilibrium 
Cell 
Cryostat 
Vent 
Figure l. 
Experimental Apparatus 
Vent 
Sample Ports 
N2 
100psig 
McLeod 
Vacuum 
Gauge 
2.2 Temperature Control and Measurement 
The constant temperature bath was a variation of a vertical 
circulation type bath used in similar applications. A schematic 
diagram of the bath can be seen in Figure 2. A 6-liter stainless 
steel Dewar was used to minimize heat transfer through the sides 
of the bath. Freon 11 (CC1 3F) was used as the fluid medium in 
the bath becuase of its safety and wide freezing to boiling range 
(-111°c to 23.a 0 c). The bath medium was circulated down the 
annulus and passed over the cooling coil, which received a 
constant flow of liquid nitrogen. The medium then passed over a 
heating coil controlled by a Bayley proportional type temperature 
controller, and then over the equilibrium cell. Optimal 
temperature control was acheived at 10 - 50% of the total output 
of the controller, which was a function of the liquid nitrogen 
flow rate and the medium circulation rate. The controlability of 
the bath under optimal conditions was +/-o.01°c over a one hour 
period. 
The temperature was measured using type T copper-constantan 
thermocouples. Thermocouple #1 is located inside the equilibrium 
cell, and it measured the actual temperature of the liquid. 
Thermocouples #2 and #3 (#3 is a three-junction thermopile) are 
located in the bath and used to check system thermal equilibrium. 
All the thermocouples were compensated by a melting ice bath as 
6 
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the o0 c reference junction. Voltage was measured using a Leeds & 
Northrup K-3 potentiometer and galvanometer. The thermocouples 
were calibrated against a primary standard Platinum Resistance 
Thermometer certified by the National Bureau of Standards. These 
calibrations can be seen in Figures 3-5. These figures include 
regression equations which were used to calculate the deviation 
from ideal. This deviation was then added to the observed emf 
and the result used to calculate the temperature from a standard 
look-up table for type T thermocouples. The corrected 
temperatures can be assumed to be within +/-O.o3°c of the true 
temperature. 
2.3 Pressure Measurement 
The equilibrium pressure was determined with a system that 
featured a pressure nulling device. One side of the variable-
reluctance-type differential pressure sensor was connected to the 
system. The other side was connected to a pressure source and 
pressure gauge. The transducer was necessary to preserve the 
minimum vapor space requirement of the total pressure method. 
The pressure source was a cylinder of commercial grade nitrogen 
with a regulated available pressure of at least 500 psig. The 
pressure gauge was one of two Heise bourdon tube type pressure 
gauges. A 0-100 psia gauge was used for the CC1F3 - c2cl 2F4 
binary. The readability of this gauge was 0.01 psia with the 
smallest division at 0.1 psia. A 0-500 psia gauge was used for 
8 
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Dev= 0.0023189*(0bs emf) - 0.0000031 
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0 
-12 0.0 
tqe CF4 - c2cl 2F4 binary. The readability of this gauge was 0.1 
psia and its smallest division was 0.5 psia. Two different 
ranges of pressure gauges were necessary due to the difference in 
vapor pressures of the binary mixtures through the desired 
temperature ranges. Both gauges were calibrated against a 
primary standard Ruska Dead Weight Gauge. These calibrations can 
be seen in Figures 6 and 7. The corrected pressures can be 
assumed to be within +/-0.2 psia of the true pressure. 
2.4 Level Measurement 
Level measurement, though not used in the vapor-liquid 
equilibrium parameter calculations, is very important. The 
concept of a minimal vapor space in total pressure measurements 
is crucial; therefore, the liquid level must be at a maximum. 
Keeping the liquid level at a maximum is a significant problem 
when working through wide temperature ranges with compounds, like 
TM Freons , that have high coefficients of expansion. If too much 
liquid is charged at the coldest temperature, there is a danger 
of filling the entire space with liquid at the highest 
temperature, which will generate very high pressures due to the 
expansion of an incompressible fluid. Vapor space must exist at 
the highest temperature of the study. Conversely, if too little 
liquid is charged to the equilibrium cell, the liquid phase 
composition analysis will be inaccurate. 
12 
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A level-measurement system based on previously described 
principles10 , was designed to remedy this potential problem. 
Because solid-liquid heat transfer is much more efficient than 
solid-vapor heat transfer, the temperature of a current carrying 
resistance element increases as it crosses the liquid surface 
into the vapor space. This is manifested in a resistance change, 
which at constant voltage registers as a change in current. A 
platinum resistance element was chosen for its sensitivity to 
temperature. A constant voltage was supplied by three 1.5 Vdc 
dry cells wired in series. Current was monitored by an in-line 
Beckman Multitester. The observed current for the exposed 
platinum element was approximately 50 ma. 
The relative location of the platinum element and the internal 
thermocouple (#1) can be seen in the photos below. The coldest 
liquid volume was approximately 80% of the total volume of the 
equilibrium cell. This level did not adversely effect the liquid 
composition analysis. The exact volume of the high temperature 
point was not known, but was approximated at greater than 95%. 
The level measurement system worked quite well and avoided damage 
to the transducer diaphragm, which would have been expensive to 
replace. 1 
15 
16 
2.5 Materials 
The fluorocarbons used were supplied by E.I. du Pont de Nemours & 
co., Inc. Gas-chromatographic analysis of these freons could 
detect no impurities, i.e., the components were greater than 
0.999 pure. The argon was purchased from Air Products and 
Chemicals, Inc., and was indicated to be 0.9995% pure by the 
manufacturer. All chemicals were used as received. 
17 
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3. Experimental Procedure 
3.1 General 
The isotherms chosen for this study were implicitly defined by 
the properties of the components and the design limitations of 
the apparatus. The freezing point of Freon 114 (-94°C) and the 
critical temperature of Freon 14 (-45.67°C) set the upper and 
~ lower temperatures that could be examined. Given these limits, 
isotherms were chosen at 10°c intervals from -90.1s0 c to -so.1s 0 c 
(183 K to 223 K) for the Freon 14/Freon 114 binary and -90.1s 0 c 
to -40.1s0 c (183 K to 213 K) for the Freon 13/Freon 114 binary. 
The total pressure method has been used previously for high 
temperature VLE studies. This study examines VLE behavior of 
materials that are gases at room temperature. The experimental 
procedure described in previous work has been changed 
considerably to account for the handling of these materials. 
18 
3.2 Operation 
Since the Freon™ compounds used in this study are gases at room 
temperature, they could not be loaded into the equilibrium cell 
in the atmosphere and weighed, as is the standard procedure in 
total pressure experiments. The only way that the gases could be 
charged into the equilibrium cell was by condensing them into the 
cell. To prevent contamination of the equilibrium cell, the 
entire apparatus, while at room temperature, was evacuated to 
less than 10 microns of Mercury. The system was then filled to 
approximately 15 psia with one of the components and again 
evacuated to less than 10 microns Hg. This important flushing 
procedure was repeated five to six times because once the bath is 
cooled, the equilibrium cell becomes a cold trap. Any residual 
air will be attracted to the equilibrium cell and will be 
difficult to remove, thus contaminating the sample and adversely 
affecting the results. 
The bath was then filled with the heat transfer medium and the 
agitator turned on. Liquid nitrogen flow was turned on and the 
bath allowed to cool to approximately the desired temperature. 
As this temperature was approached, the controller was turned on 
and the liquid nitrogen flow rate and the controller were 
adjusted so that the controller operated between 10-40% of its 
19 
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maximum output. 
Three considerations had to be addressed in developing the 
charging procedure: 
o the vapor pressure of the first component at the 
charging temperature must be less than the available ,. 
pressure in the source. 
o the vapor pressure of the first component at the 
charging temperature must be less than the available 
pressure of the components subsequently added. 
o the pressure transducer diaphragm deforms when a 
20 psia pressure differential exists between the two 
sides. 
A procedure was developed for crudely approximating the desired 
composition by timing the charging procedure. The charge 
delivered from the source cylinder was assumed to be linear from 
run to run in time at a constant charging temperature and 
delivery pressure. When the pure components were studied, 
charging was timed from an empty to a full equilibrium cell as 
registered by the level sensor. This time multiplied by the 
desired concentration approximated the time to fill the 
equilibrium cell for a specific component. 
The first component was charged to its approximate composition by 
closing the manifold at the desired partial filling time. The 
20 
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second component was charged until the current decrease in the 
level sensor indicated the sensor was submerged. In systems with 
"\, 
more than two components, The sensor was submerged during the 
addition of the last component. 
At this point, the equilibrium cell was not mixed and slightly 
overfilled. This problem was solved by "bumping" the system 
(opening the equilibrium cell to vacuum for a few seconds) as 
many.times as was necessary to.bring the liquid level just below 
the sensor. This "bumping" procedure served two purposes: (1) it 
helped to eliminate any residual air or light impurities in the 
system, and (2) small amounts of boiling helped to mix the 
system. 
The system was then checked for uniform comp~sition by recording 
the vapor pressure and increasing the temperature approximately 
30°c, after which the temperature was lowered to its original 
value and the vapor pressure again recorded. If the vapor 
pressures did not agree, the system was thermally cycled again. 
This thermal mixing procedure was repeated until the vapor 
pressures were reproducible. Some mixtures required numerous 
cycles due to the slow nature of thermal mixing. 
Once the system was mixed, the temperature controller was 
adjusted to yield the desired potentiometer emf reading. After 
the temperature had stabilized, the null on the pressure system 
was adjusted. If no changes were observed after monitoring the 
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system for 5-10 minutes, the temperature and pressure were 
recorded. The temperature was then increased and the procedure 
repeated. The liquid was assumed to be uniformly mixed through a 
series of temperatures. Equilibration at the desired temperature 
was reached in 20-30 minutes. 
Through this entire procedure, the pressure must be monitored so 
as not to overpressure and deform the transducer diaphragm. 
Differential pressure in the transducer was detected by reading a 
positive or negative voltage on the Beckman multitester which was 
connected to the transducer signal conditioner. The voltage must 
be watched carefully and gas added (or removed) on the nitrogen 
balancing side of the transducer to keep the differential at 
+/-20 psia. When the temperature equilibrates and the pressure 
must be recorded, the nitrogen balancing side pressure is set by 
adding ·(or removing) gas until the differential is at a minimum. 
Fine adjustments are made with the pressure adjuster until the 
voltage reading is 0.0 volts. The equilibrium cell pressure is 
then read off the pressure gauge. To avoid inaccuate readings 
from the pressure gauge, tap the gauge gently so that the pointer 
moves and read the pressure again. The pressures should be the 
same on two consecutive readings. 
Once the system was isolated from the manifold (after "bumping" 
procedure), the sample collection cylinder was connected to the 
manifold. The sample collection cylinder is a large (approx. 30 
liters) cylinder which is connected to the system through one of 
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the sample ports and is used to collect the contents of the 
equilibrium cell for analysis. The collection cylinder was 
flushed and evacuated to approximately 100 !lcrons Hg. 
After the last data point was taken, the sample collection 
cylinder was immersed in liquid nitrogen. The system was then 
vented through the manifold to freeze into the collection 
cylinder. The pressure in the equilibrium cell was allowed to 
decrease to the vapor pressure of the solid, and the system was 
maintained in this condition for at least ten minutes, during 
which time the constant-temperature bath was emptied. All valves 
were closed and the sample collection cylinder removed from the 
liquid nitrogen Dewar. The vent valve was opened and the system 
filled with air. All electrical equipment was switched off and 
the apparatus cleaned up. 
3.3 Analytical Technique 
Samples were analyzed by gas chromatography, using a Beckman 
Instruments model GC-2A gas chromatograph with a GOW-MAC thermal 
conductivity detector (TCD). Helium, at approximately 25 psig, 
was the carrier gas. The thermal conductivity detector was set 
at 100 mA filament current and 10°c. 
The binary mixtures were separated by a supported Silicone 
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liquid-phase packed in a 6 1 X 1/4" OD stainless steel column. 
The chromatogram was obtained under isothermal operations at 
10°c. These conditions produced sharp peaks that tailed only 
slightly. Each run lasted approximately three minutes. 
The quarternary separation was accomplished with a 3' X 1/4" OD 
copper column packed with activated Alumina. A crude temperature 
programming method was developed to attain baseline separation of 
all of the components. The column was located outside the oven. 
A few feet of unpacked tubing were placed inside the oven so that 
the sample stream to the TCD could return to approximately the 
same temperature as the helium to the blank side of the TCD. The 
packed column was placed in an ice bath and allowed to reach o
0 c. 
The sample was injected and the argon and CF4 peaks were allowed 
to elude after which the column was removed from the ice bath and 
allowed to come to room temperature. Once the CC1F3 had been 
observed, the column was backflushed (helium direction reversed) 
and placed in a hot water bath. The c2cl2F4 eventually passed 
through the TCD and was recorded. This procedure took 
approximately 20 minutes per injection. 
Peak areas were measured with an electronic integrator consisting 
of a Hewlett-Packard model 8875A differential amplifier, a Dymec 
model 2210 voltage-to-frequency converter, and an Anadex model 
CF-200F digital counter. The peaks were visually inspected on a 
strip-chart recorder for shape, tailing, and end-points. 
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Compositions of unknown samples were determined by using response 
factors that were calculated from standard samples of known 
composition. The response factors were expressed in counts per 
mmHg of sample. 
Sample inlet pressures were measured using a Ruska model XR-38 
pressure counter, which had been calibrated against a high 
precision mercury manometer. Sample pressures ranged from 250 to 
300 mmHg. Standard compositions had to bracket the unknown 
composition since response factors are linear only through 
limited ranges of compositions. 
Multiple analyses were made with all samples, allowing a maximum 
0.3% departure from the arithmetic mean. Data which fell outside 
this range were rejected. Unnormalized total mole fractions of 
unknown samples ranged from 0.98 to 1.04. 
Standard samples were prepared with a mixing apparatus and the 
Ruska pressure counter. Large volume sample containers were used 
to mix the standards so that tubing volumes in the mixing 
apparatus could be neglected, and so that only one mixing was 
required per set of components. The sample container was 
evacuated to a~proximately 10 microns Hg, filled with the first 
component and allowed to equilibrate to room temperature. The 
pressure and temperature were recorded and the second component 
injected. Again the sample container was allowed to equilibrate 
to room temperature and the temperature and pressure recorded. 
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This procedure was repeated for five separate st~ndard samples. 
The actual compositions of the standard samples were calculated 
by accounting for the non-idealities of the components. An ideal 
gas equation can be written for each of the conditions of the 
standard mixing procedure. 
= (nl+n2)Z . RT mix 
Dividing equation 3.3-1 by equation 3.3-2 yields 
= 
(3.3-1) 
(3.3-2) 
(3.3-3) 
Using the virial equation of state truncated after the second 
virial coefficient to define the compressibility factor and 
replacing the mole fraction with y1 yields 
Substitution of 
pl 
Y1(l + = 
p2 
the quadratic 
B . 
mix 
B p 
~) (1 + 
B . p 
mix 1)-1 
RT RT 
expansion for binary B . , mix 
and manipulation of equation 3.3-4 results in a quadratic 
equation in y1. 
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(3.3-4) 
(3.3-5) 
The second virial coefficients were calculated using the 
Tsonopoulos correlation18 for non-polar compounds. 
(3.3-6) 
Standard compositions for the quaternary mixtures were calculated 
using the same method with one minor change. Rather than solving 
for the mole fractions, equations were solved for the number of 
moles of each component. The basis used was a unit volume. 
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4. Experimental Results 
4.1 Pure Components 
A considerable amount of pure component data were accumulJted in 
order to test the apparatus for leaks, problems, and 
inconsistancies and to establish a procedure which would yield 
accurate and reproducible results. The results are shown in 
Tables 1, 2, and 3 for CC1F3, CF4, and c2cl2F4 , respectively. 
Table 4 lists the pure component parameters used in the 
correlation development in later sections . 
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Table 1. 
Pure Component Vapor Pressures for CC1F3 
Temp (K) 
181.24 
181. 46 
183.00 
187.51 
193.00 
193.76 
193.78 
193.96 
200.83 
203.00 
207.68 
207.74 
213.01 
215.29 
215.56 
222.61 
223.32 
223.84 
231. 92 
232.44 
233.00 
236.57 
29 
P (psia) 
8.30 
8.43 
9.29 
11. 94 
16.03 
16.54 
16.58 
16.87 
23.71 
26.20 
32.25 
32.31 
40.85 
44.60 
45.40 
59.88 
61. 20 
62.79 
83.81 
85.72 
87.46 
98.90 
I 
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Table 2. 
Pure Component Vapor Pressures for CF4 
Temp (K) 
167.35 
169.99 
172.67 
175.46 
178.37 
183.00 
193.00 
203.00 
213.01 
222.61 
30 
P (psia) 
55.66 
63.69 
72.57 
82.72 
94.45 
116.3 
173.6 
249.6 
347.6 
467.2 
( 
Table 3. 
Pure Component Vapor Pressures for c2cl2F4 
Temp (K) 
183.00 
193.00 
200.57 
203.00 
207.88 
213.01 
215.37 
215.49 
222.61 
223.27 
223.78 
231.86 
232.47 
241.54 
245.79 
251. 25 
255.75 
261.76 
263.56 
31 
P (psia) 
0.07 
0.13 
0.23 
0.28 
0.39 
0.56 
0.62 
0.67 
1. 05 
1. 05 
1.14 
1. 79 
1.87 
3.09 
3.80 
5.00 
6.12 
8.08 
8.65 
Table 4. 
Pure Component Parameters 
CClF3_ CF4_ __Q2Cl2f4_ 
\ 
\ T (K) 302.05 227.48 418.85 C 
p (bars) 38.71 37.45 32.63 
C 
V (cc/gmole) 181. 141. 293. 
C 
w 0.180 0.191 0.2545 
Molecular wt. 104.46- 88.00 170.93 
Rackett parameter (Zra) 0.2770 0.2784 0.2734 
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4.2 Binary Mixtures 
The experimentally measured pressures and liquid phase mole 
fractions for the binary mixtures are shown in Tables 5-15. As 
mentioned previously, the vapor phase mole fraction is not an 
experimentally measured variable in the total pressure method. 
The calculated vapor phase mole fractions are shown as part of 
the tables. The regression techniques and equations used to 
calculate the vapor mole fractions will be discussed in detail 1n 
a later section. The binary data for CF4 - CC1F3 are from 
references (9) and (15) and can be seen in Tables 16-17. Three 
significant figures are given for the mole fraction values. The 
uncertainty in the analytical proced~re represents the largest 
! 
contribution to error. Pressures are given to the most readable 
figure. Referenced data will be given with the same number of 
significant figures as published. 
) 
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Table 5. 
Experimental Vapor Pressure Data for the Binary 
P .(:gsia) ) ---X1- ---X2- -Y1-. -Y2-
0.07 0.000 1. 000 0.000 1.000 
0.23 0.013 0.987 0.697 0.303 
1. 09 0.084 0.916 0.937 0.063 
2.62 0.240 0.760 0.979 0.021 
4.18 0.420 0.580 0.990 0.010 
5.49 0.572 0.428 0. 9,94 0.006 
6.49 0.682 0. 318 0.996 0.004 
7.42 0.791 0.209 0.997 0.003 
9.07 0.988 0.012 0.999 0.001 
9.19 1.000 0.000 1. 000 0.000 
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Table 6. 
Experimental Vapor Pressure Data for the Binary 
(psia) 
~1- ~2- ____yl_ 
0.13 0.000 1. 000 0.000 
0.40 0.013 0.987 0.665 
1. 79 0.084 0.916 0.929 
4.40 0.240 0.760 0.976 
7.11 0.420 0.580 0.988 
9.54 0.572 0.428 0.993 
11.18 0.682 0.318 0.995 
12.75 0.791 0.209 0.997 
15.75 0.988 0.012 0.999 
16.03 1. 000 0.000 1.000 
35 
____y2 _ 
1. 000 
0.335 
0.071 
0.024 
0.012 
0.007 
0.005 
0.003 
0.001 
0.000 
Table 7. 
Experimental Vapor Pressure Data for the Binary 
p (psia) 
~1- --1i2- -Yi- -Y2-
0.28 0.000 1.000 0.000 1. 000 
0.70 0.013 0.987 0.590 0.410 
2.85 0.084 0.916 0.905 . 0.095 
7.06 0.240 0.760 0.968 0.032 
11.51 0.420 0.580 0.984 0.016 
15.45 0.572 0.428 0.991 0.009 
18.13 0.682 0.318 0.994 0.006 
20.85 0.791 0.209 0.996 0.004 
25.83 0.988 0.012 0.999 0.001 
26.20 1. 000 0.000 1.000 0.000 
Iii 
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Table 8. 
Experimental Vapor Pressure Data for the Binary 
( ·, . ., 
p (psia) 
-Xi- X -2- -Y1-· -Y2-
0.56 0.000 1.000 0.000 1.000 
1.17 0.013 0.987 0.518 0.482 
4.39 0.084 0.916 0.877 0.123 
10.84 0.240 0.760 0.958 0.042 
17.70 0.420 0.580 0.979 0.021 
23.91 0.572 0.428 0.988 0.012 
28.04 0.682 0.318 0.992 0.008 
32.19 0.791 0.209 0.995 0.005 
40.24 0.988 0.012 0.999 0.001 
40.85 1. 000 0.000 1.000 0.000 
) 
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Table 9. 
Experimental Vapor Pressure Data for the Binary 
p (psia) X 
-1- ~2- ____y:l_ 
____y:2_ 
1. 05 0.000 1.000 0.000 1.000 
1. 90 0.013 0.987 0.447 0.553 
6.42 0.084 0.916 0.843 0.157 
15.68 0.240 0.760 0.945 0.055 
25.70 0.420 0.580 0.973 0.027 
34.72 0.572 0.428 0.984 0.016 
40.81 0.682 0.318 0.989 0.011 
47.03 0.791 0.209 0.993 0.007 
58.63 0.988 0.012 0.999 0.001 
59.88 1. 000 0.000 1.000 0.000 
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Table 10. 
Experimental Vapor Pressure Data for the Binary 
p (psia) 
~1- ~2- __yl_ ---22-
1. 94 0.000 1. 000 0.000 1.000 
3.15 0.013 0.987 0.311 0.689 
9.43 0.084 0.916 0.756 0.244 
22.68 0.240 0.760 0.909 0.091 
36.99 0.420 0.580 0.955 0.045 
50.15 0.572 0.428 0.973 0.027 
59.00 0.682 0.318 0.982 0.018 
68.22 0.791 0.209 0.989 0.011 
86.20 0.988 0.012 0.999 0.001 
87.46 1.000 0.000 1.000 0.000 
' I ! 
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Table 11. 
Experimental Vapor Pressure Data for the Binary 
p (psia) 
---X1- ---X2- -Yi-
0.07 0.000 1. 000 0.000 
0.3 0.004 0.996 0.911 
1.4 0.008 0.992 0.959 
11. l 0.045 0.955 0.993 
11. 3 0.054 0.946 0.994 
25.5 0.115 0.885 0.997 
38.7 0.175 0.825 0.998 
65.8 0.355 0.645 0.999 
83.7 0.502 0.498 0.999 
91.4 0.610 0.390 0.999 
102.4 0.793 0.207 0.999 
113.3 0.949 0.051 0.999 
116.3 1.000 0.000 1.000 
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_:j_,2_ 
1.000 
0.089 
0.041 
0.007 
0.006 
0.003 
0.002 
0.001 
0.001 
0.001 
0.001 
0.001 
0.000 
. i 
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Table 12. 
Experimental Vapor Pressure Data for the Binary 
p (psia) 
~1- ~2- ___yl_ ___y2_ 
0.13 0.000 1.000 0.000 1.000 
0.4 0.004 0.996 0.857 0.143 
1. 8 0.008 0.992 0.939 0.061 
14.5 0.045 0.955 0.991 0.009 
15.0 0.054 0.946 0.991 0.009 
34.7 0.115 0.885 0.996 0.004 
53.4 0.175 0.825 0.997 0.003 
92.6 0.355 0.645 0.998 )0.002 
( 
120.5 0.502 0.498 0.999 
! 0.001 
133.5 0.610 0.390 0.999 0.001 
149.1 0.793 0.207 0.999 0.001 
167.8 0.949 0.051 0.999 0.001 
173.6 1. 000 0.000 1.000 0.000 
.. 
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Table 13. 
Experimental Vapor Pressure Data for the Binary 
p (psia} 
~1- ~2- _yl_ 
0.28 0.000 1. 000 0.000 
0.7 0.004 0.996 0.755 
2.5 0.008 0.992 0.897 
19.1 0.045 0.955 0.985 
19.7 0.054 0.946 0.986 
45.4 0.115 0.885 0.993 
70.3 0.175 0.825 0.995 
125.0 0.355 0.645 0.997 
166.2 i' 0.502 0.498 0.998 
185.9 0.610 0.390 0.998 
208.7 0.793 0.207 0.999 
238.3 0.949 0.051 0.999 
249.6 1.000 0.000 1.000 
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___:t.2-
1. 000 
0.245 
0.103 
0.015 
0.014 
0.007 
0.005 
0.003 
0.002 
0.002 
0.001 
0.001 
0.000 
~--------• ; 
Table 14. 
Experimental Vapor Pressure Data for the Binary 
p (psia) 
----Xi- X -2- ___yl_ ___y:2_ 
0.56 0.000 1.000 0.000 1. 000 
1. 0 0.004 0.996 0.619 0.381 
3. 3 0.008 0.992 0.843 0.157 
\ 
24.2 0.045 0.955 0.976 0.024 
24.7 0.054 0.946 0.977 0.023 
57.6 0.115 0.885 0.989 0.011 
89.6 0.175 0.825 0.992 0.008 
161.4 0.355 0.645 0.995 0.005 
• "'fl 
220.2 0.502 0.498 0.996 0.004 
250.2 0.610 0.390 0.997 0.003 
283.1 0.793 0.207 0.998 0.002 
330.1 
><.. 
0.949 0.051 0.999 0.001 
347.6 1.000 0.000 1.000 0.000 
I 
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Table 15. 
Experimental Vapor Pressure Data for the Binary 
System CF
4 
(1) - c2cl 2F4 (2) at 222.61 K 
p (psia) 
~1- ~2- _yl_ 
1. 05 0.000 1. 000 0.000 
1. 7 0.004 0.996 0.478 
4.2 0.008 0.992 0.763 
29.7 0.045 0.955 0.962 
30.0 0.054 0.946 0.964 
70.6 0.115 0.885 0.983 
(, 
110.1 0.175 0.825 0.988 
201. 2 0.355 0.645 0.993 
280.7 0.502 0.498 0.994 
323.9 0.610 0.390 0.995 
.,iJ.l;.-' 
368.3 0.793 0.207 0.996 
445.7 0.949 0.051 0.998 
467.2 1.000 0.000 1. 000 
_y2_ 
1.000 
0.522 
0.237 
0.038 
0.036 
0.017 
0.012 
0.007 
0.006 
0.005 
0.004 
0. 002 
0.000 
Table 16. 
Referenced Vapor Pressure Data9115 for the Binary 
System CF4 (1) - CC1F3 (2) at 199.81 K 
p (psia) X 
-1- ----X2- -Yi- _y2_ 
~22.4 0.0000 1.0000 0.0000 1.0000 
29.2 0.0277 0.9723 0.2278 0.7722 
30.3 0.0325 0.9675 0.2938 0.7062 
35.5 0.0540 0.9460 0.3805 0.6195 
45.7 0.0908 0.9092 0.5322 0.4678 
50.0 0.1192 0.8808 0.5811 0.4189 
52.2 0.1248 0.8752 0.6017 0.3983 
,, 
75.4 0.2403 0.7597 0.7379 0.2621 
77.2 0.2422 0.7578 0.7534 0.2466 
100.1 0.3617 0.6383 0.8283 0.1717 
105.2 0.3920 0.6080 0.8290 0.1710 
121. 0 0.4720 0.5280 0.8629 0.1371 
123.l 0.4942 0.5058 0.8772 0.1228 
137.6 0.5613 0.4387 0.8904 0.1096 
150.1 0.6489 0.3511 0.9165 0.0835 
153.0 0.6491 0.3509 0.9111 0.0889 
171. 7 0.7460 0.2540 0.9342 0.0658 
174.5 0.7783 0.2217 0.9479 0.0521 
185.9 0.8232 0.1768 0.9511 0.0489 
199.6 0.8949 0.1051 0.9737 0.0263 
202.0 0.8965 0.1035 0.9709 0.0291 
219.1 1.0000 0.0000 1.0000 0.0000 
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Table 17. ; 
Referenced Vapor Pressure Data9 for the Binary 
System CF4 (1) CC1F 3 ( 2) at 222.04 K 
p (psia) 
~:f:L ~2- -Yi- -Y2-
58.5 0.0000 1.0000 0.0000 1. 0000 
78.3 0.0457 0.9543 0.2573 0.7427 
98.8 0.0944 0.9056 0.4202 0.5798 
124.6 0.1601 0.8399 0.5494 0.4506 
164.9 0.2671 0.7329 0.6712 0.3288 
196.4 0.3539 0.6461 0.7342 0.2658 
212.5 0.4027 0.5973 0.7620 0.2380 
221. 2 0.4279 0.5721 0.7762 0.2238 
255.7 0.5271 0.4729 0.8235 0.1765 
270.8 0.5729 0.4271 0.8342 0.1658 
302.6 0.6512 0.3488 0.8644 0.1356 
322.9 0.7007 0.2993 0.8848 0.1152 
348.2 0.7622 0.2378 0.9051 0.0949 
373.9 0.8242 0.1758 0.9243 0.0757 
403.4 0.8864 0.1136 0.9462 0.0538 
430.5 0.9339 0.0661 0.9682 0.0318 
459.0 1.0000 0.0000 1.0000 0.0000 
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4.3 Quaternary Mixtures 
The experimental pressure and liquid mole fractions for the 
quaternary mixtures can be seen in Tables 18-23. The calculated 
vapor phase mole fractions will be discussed in a later section. 
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Table 18. 
Experimental Vapor Pressure Data for the Quaternary System 
P (psia) 
38.3 
68.1 
77.6 
X 
-1-
0.022 
0.033 
0.033 
~2-
0.049 
0.177 
0.198 
Table 19. 
~3-
0.846 
0.666 
0.658 
X 
-4-
0.083 
0.124 
0.111 
Experimental Vapor Pressure Data for the Quaternary System 
P (psia) 
50.4 
89.0 
100.6 
X 
-1-
0.022 
0.033 
0.033 
~2-
0.049 
0.177 
0.198 
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~3-
0.846 
0.666 
0.658 
~4-
0.083 
0.124 
0.111 
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r 
Table 20, 
Experimental Vapor Pressure Data for the Quaternary system 
P (psia) 
66.1 
114.6 
128.9 
~1-
0.022 
0.033 
0.033 
~2-
0.049 
0.177 
0.198 
Table 21. 
~3-
0.846 
0.666 
0.658 
~4-
0.083 
0.124 
0.111 
Experimental Vapor Pressure Data for the -Ouaternary System 
p (psia) 
~1- ~2- ~3-
X 
-4-
86.1 0.022 0.049 0.846 0.083 
145.7 0.033 0.177 0.666 0.124 
162.8 0.033 0.198 0.658 0.111 
' 
49 
Table 22. 
Experimental Vapor Pressure Data for the Quaternary system 
p (psia) X 
-1- ~2- ~3- ~4-
110.2 0.022 0.049 0.846 0.083 
181. 3. 0.033 0.177 0.666 0.124 
201. 0 0.033 0.198 0.658 0.111 
Table 23. 
Experimental Vapor Pressure Data for the Quaternary System 
P (psia) 
142.7 
227.9 
249.8 
X 
-1-
0.022 
0.033 
0.033 
~2-
0.049 
0.177 
0.198 
50 
0.666 
0.658 
0.124 
0.111 
"' 
< . 
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5. Correlation of Pure Components 
The pure component data acquired during this study were 
correlated using six different pure component vapor pressure 
equations. These equations were: ~ 
o ln P vs 1/T 
ln Ps = Cl/T + C2 
At , t' 16 o n cine equa ion 
ln Ps = Cl - C2/(C3 + T) 
o Kirchhoff equation16 
s ln P =Cl+ C2/T + C3(ln T) 
' d 1 t' 16 o Rie e equa ion 
ln PS= Cl+ C2/T + C3(ln T) + DT6 
D = -0.0838(3.758 - ac) 
ac = o. 3150 \{lb + ln Pc 
0.0838 \{lb - ln Tbr 
( 5-1) 
(5-2) 1 
(5-3) 
(5-4) 
(5-5). 
(5-6) 
\{lb= -35 + 36/Tbr + 42(ln Tbr) - Tbr6 (5-7) 
o Riedel-Plank-Miller equation
16 
ln Ps = -G/T ( 1 - T 2 + k ( 3 + T ) ( 1 - T } 3) ( 5-8) 
r r r r r 
G = 0.4835 + 0.4605h (5-9} 
h = Tbrln Pc/(1 - Tbr) (5-10) 
k = ((h/G)-(1 + Tbr))/(3 + Tbr) (1 - Tbr) 2 (5-11) 
't t' 13 o Prausni z equa ion 
ln PS = Cl + C2/T + C3 (T) + C4 (ln T) + C5 (T2) (5-12) 
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) 
The Prausnitz equation was found to yield the best fit through 
the temperature range studied. The fit was excellent with an 
average deviation of 0.96% between the data and the curve. 
Empirical constants Cl, C2, C3, C4 and C5 for the three pure 
components can be seen in Table 24. Figures 8, 9, and 10 show 
deviation of the data from the empirical Prausnitz equation for 
CC1F 3, CF4, and c2cl 2F4 respectively. 
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Table 24. 
Prausnitz Vapor Pressure Equation Constants 
for Pure Components 
CC1F3_ _cr4_ ~2Cl2f4-
Cl -255.724 -1032.32 -8411.49 
C2 1581. 74 12195.9 128856. 
C3 -0.2959 -1.1928 -7.2875 
C4 56.638 221. 33 1701.67 
C5 0.000251 0.00107 0.00518 
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1cf .______-L-~~___.i.__..._---1.-~.L--~___.l.~_.______.L..------' 
48.0 48.0 50.0 62.0 M.O 68.0 68.o eo.o 40.0 42.0 44.0 
1/T 
o This study 
bi. (1) 
+ ( 15) 
)( ( 9) 
Figure 8. 
ln P vs 1/T for CC1F3 
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,cf 
40.o 42.15 46.0 47.15 !50.o 152.!5 615.0 157.15 eo.o 82.15 el5.o 
1/T •10 ... 
o This study 
~ ( 11) 
Figure 9. 
ln P vs 1/T for CF4 
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u, 
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10"2 l--~~~.......l.....-~-----1..~___J------~~~.......l.....-~-----1..~___J'---~~~~ 
49.0 61.0 63.0 66.0 36.0 37.0 39.0 41.0 43.0 4&.0 47.0 
1/T 
o This study 
!:::,. ( 12) 
+ (19) 
Figure 10. 
ln P vs 1/T for c2cl2F4 
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6. Correlation of Binary Data 
6.1 General 
The fundamental equation of phase equilibrium is 
f~ = f~ 
1 1 
(6.1-1) 
This equation can be expressed in more meaningful terms as 
01 
-y.x.f. = l{).y.P 
1 1 1 1 1 
(6.1-2) 
Assuming the vapor phase behavior can be described by an equation 
of state, the fugacity coefficient, I{)., can be expressed as a 1 
function of known parameters and measured data (such as 
temperature and pressure) using existing correlations, with the 
vapor phase mole fraction as the only unknown. The liquid 
standard-state-reference fugacity, f 01 , can easily be calculated 
from pure component information. A semi-empirical equation can 
be used to describe the activity coefficient, "Y·, as a function 1 
of liquid phase mole fractions, temperature, and empirical 
constants. Liquid phase mole fractions and pressure are measured 
quantities. What remains is a system of equations with 
n - 1 + c unknowns (n = (number of components - 1), c = number of 
empirical constants). By using an efficient regression algorithm 
and enough experimental observations, PTx equilibrium data can be 
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reduced to yield the information necessary to predict phase 
equilibrium behavior within the experimentally studied range. 
6.2 Vapor Phase Fugacity Coefficients 
The pressure explicit virial equation of state truncated after 
the second term was chosen to describe the vapor phase. 
z t = 
mix 
Pv 
RT 
= 1 + 
B . p 
mix 
---RT 
A rigorous form of the fugacity equation is 
RTln '{). 
i ) RT l - dV 
T, V, nj V 
- RTln Z. 
Substituting equation 6.2-1 into 6.2-2 yields 
where 
ln ,p. 
i 
N 
= 2P ~ y.B .. 
RT~ J iJ 
J=l 
N N 
B . p 
mix 
RT 
Bmix =LL y .y .B ..• i J iJ 
i=l j=l 
(6.2-1) 
(6.2-2) 
(6.2-3) 
(6.2-4) 
Examination of equation 6.2-3 shows that the fugacity coefficient 
is a function of P, T, Yi' and BI '. iJ 
The second virial coefficient, B, takes into account two-molecule 
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interactions and is only a function of temperatu~e. Many 
correlations for B exist in the literature. The non-polar 
Tsonopoulos correlation18 was chosen in this study because of its 
accuracy, simplicity, and generality. It is a modified Pitzer- ,--. 
curl correlation of the form 
(6.2-5) 
where w is the acentric factor defined as 
w = -log 10 ( P ) - 1. 000. ~ T =0.7 
r 
(6.2-6) 
The factors f(O) and f(l) are a function of T and expressed as r 
f(O) = 0.1445 - 0.330/T - 0.1385/T 2 -r r 
o.0121/Tr3 - o.ooo607/Tr8 
f(l) = 0.0637 + 0.331/Tr2 
0.008/T 8 r 
3 
- 0.423/T -r 
(6.2-7) 
(6.2-8) 
The use of pure component critical properties in equations 6.2-5, 
7, and 8 will yield the pure component coefficients (B .. where lJ 
i=j). To calculate the interaction between two different 
molecules (B,. where i#j), mixing rules must be assumed. The lJ 
mixing rules below make it possible to relate cross-coefficient 
critical properties to pure component parameters: 
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T C,, lJ 
W·, = 0.5( W, + W,) 
l] l J 
4T (P V /T + P V /T ) 
P 
C .. C, C, C, C, C, C, 
C , , = ----=l_..] _--=.l_.:::.l_--:1 __ __._J _ _.J _ ____.J_ lJ (V 1/3 V 1/3) 3 
C, + C , 
l J 
(6.2-9) 
(6.2-10) 
(6.2-11) 
Use of this correlation for B reduces the fugacity coefficient 
expression to a function of P, T, yi, and known pure component 
parameters. 
Vapor phase fugacity coefficients can be found in Tables 25-37. 
6.3 Liquid Phase Standard-state Fugacity 
The liquid phase standard-state fugacity of component i is, to a 
first approximation, equal to the pure component vapor pressure, 
Ps. Two corrections must be applied to this approximation to 
calculate the true value. First, the non-ideal behavior of the 
saturated vapor phase must be accounted for with the fugacity 
coefficient at saturated conditions. The second correction is 
the Poynting correction which accounts for the compression of the 
liquid. 
Poynting corr. 1Pref = exp PS (6.3-1) 
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where Pref is the reference pressure. For convenience, the 
reference pressure was chosen as zero psia. 
Assuming that the liquid is incommpressible and integrating 
yields 
Poynting corr. = exp (-v::s ) . (6.3-2) 
The liquid phase standard-state fugacity of component i can now 
be expressed as 
f?L = 
1 (
-v~P~ ) 1 1 exp __ . 
RT 
(6.3-3) IP~ P~ 
1 1 
The liquid molar volume was calculated by a modified Rackett 
equation of the form 
where 
RT Z T 
L c. ra. 
V . = ---=l'----=l'----
1 p 
C, 
1 
0 (1 0 T ) 0.2857. T = 1. + • - r 
(6.3-4) 
(6.3-5) 
The Rackett parameter, zra' was calculated from data found 1n 
references (3), (4), and (5). 
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6.4 Liquid Phase Activity Coefficients 
The liquid phase activity coefficient, 1i' is a correction 
applied to phase equilibrium data to describe departure from 
ideal behavior. Activity coefficients can be expressed as a 
E 
function of the molar excess Gibbs energy, g , 
ln 1, = 
l 
1 
RT 
(constant P, T, nj). (6.4-1) 
If an analytical expression relating gE to x. is assumed, then l 
equation 6.4-1 can be used to find the composition dependence of 
the activity coefficient. 
I 
For this study, the semi-empirical Wilson equation was chosen, 
gE m [ m 
= 
-1:Xi ln I:>j A .. ] (6.4-2) RT l] 1=1 J=l 
where 
v. - ( A .. - X .. ) 
A .. J l] 11 (6.4-3) = exp l] v. RT l 
V, -( A .. - A .. ) 
A .. l l] JJ (6.4-4) = exp Jl v. RT 
J 
A .. = A .. = 1 (6.4-5) 11 JJ 
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. 
One distinct advantage of the Wilson equation is that it may be 
extended to multicomponent mixtures without introducing any 
constants other than those obtained from binary data. 
Substitution of equation 6.4-2 into 6.4-1 yields the useful 
relation 
ln .Pk = -ln[txj Akjl + 1 - i _mx_i_A_i_k_ 
J=l i=l ~ ~ X· A .. J lJ j=l 
(6.4-6) 
The calculated activity coefficients can be found in Tables 25-
37. Pressures and activity coefficients, as a function of liquid 
phase mole fraction, can be seen in Figures 11-23 and 24-36, 
respectively. 
6.5 Regression Method 
Equation 6.1-2 for each component has been reduced to an 
expression in terms of known pure component parameters and 
measured quantities. The unknowns are the vapor phase mole 
fraction and the binary Wilson constants. A nonlinear multiple 
regression algorithm must be used to fit the experimental data to 
the correlations used. 
In any experimental system, two general types of errors exist. 
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Systematic errors are due to an inherant bias in the measurement 
procedure, resulting in a consistent deviation of the 
experimental measurement from the actual value. Such errors can 
be avoided only by the skill of the experimenter. Random errors 
are the result of a large number of small disturbances. 
Errors and uncertainties in the estimated parameters are a 
consequence of measurement errors. Becuase of these errors in 
,.~-
the data, and also because of inaccuracies in the model, it is 
not possible to fit the data exactly. 
The maximum-likelihood principle2 accounts for the experimental 
errors and "lack of fit" of the model. Data are correlated as a 
whole, rather than point by point or by only some of the measured 
data. By assuming a normal distribution for the experimental 
errors, the best estimates of the model parameters and true 
values of the measured variables are those which minimize the 
objective function 
(6.5-1) 
The summation is over all m data points. Superscript e 
designates an experimental value and superscript o represents the 
estimated true value. The denominator of each term is the 
estimated variance of the measured variables. 
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A binary parameter estimation program13 based on the maximum-
likelihood principle, was chosen to correlate the data. Two 
small changes were made to the original package to suit our 
needs. First, calculation of the second virial coefficients was 
diverted from the Hayden-O'Connell method to the more desirable 
Tsonopoulos correlation. Lack of necessary pure component 
parameters for the Hayden-O'Connell correlation necessitated this 
change. Second, the Rackett equation was modified to use the 
following equation for Tr< 1 rather than Tr< 0.75. The 
equation was modified because enough data existed in the 
literature to fit our own version with empirical constants 
specific to this system of components. The modified equation was 
T = 1 + (1 - T )0.286 
r 
(6.5-2) 
By applying the maximum-likelihood principle to parameter 
estimation of vapor-liquid equilibrium data, experimental 
measurements can be correlated and examined more efficiently than 
with any other method. 
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Table 25. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Yi- I{) 
I{) 'Y 
-1- -1- -2- -1-
0.07 0.000 0.000 1. 000 0.999 1. 34 7 
0.23 0.013 0.697 0.999 0.996 1. 336 
1. 09 0.084 0.937 0.997 0.986 1. 281 
2.62 0.240 0.979 0.992 0.969 1.182 
4.18 0.420 0.990 0.986 0.951 1.100 
5.49 0.572 0.994 0.982 0.937 1.053 
6.49 0.682 0.996 0.979 0.926 1. 028 
7.42 0.791 0.997 0.976 0.916 1. 012 
9.07 0.998 0.999 0.971 0.899 1. 000 
9.19 1. 000 1.000 0.970 0.899 1.000 
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'Y 
-2-
1. 000 
1. 000 
1. 002 
1. 018 
1. 054 
1.101 
1.145 
1.198 
1. 318 
1. 326 
' ! 
Table 26. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) 
---Xi- -Y1- I{) I{) 
,., 
-1- -2- -1-
0.13 0.000 0.000 1.000 0.998 1. 299 
0.40 0.013 0.665 0.999 0.995 1. 291 
1. 79 0.084 0.929 0.995 0.982 1. 246 
4.40 0.240 0.976 0.988 0.959 1.164 
7.11 0.420 0.988 0.981 0.936 1. 093 
9.54 0.572 0.993 0.975 0.916 1. 050 
11.18 0.682 0.995 0.970 0.902 1. 027 
12.75 0.791 0.997 0.966 0.890 1. 012 
15.75 0.998 0.999 0.959 0.866 1.000 
16.03 1. 000 1.000 0.958 0.864 1.000 
67 
,., 
-2-
1.000 
1. 000 
1. 002 
1. 015 
1. 047 
1. 089 
1.130 
1.179 
1. 294 
1. 302 
! ...... :.--
Table 27. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) 
---Z1- -Yi- I{) I{) 'Y 
-1- -2- -1-
0.28 0.000 0.000 1. 001 0.997 1. 256 
0.70 0.013 0.590 0.999 0.993 1. 249 
2.85 0.084 0.905 0.994 0.977 1. 213 
7.06 0.240 0.968 0.984 0.948 1.145 
11. 51 0.420 0.984 0.974 0.918 1. 084 
15.45 0.572 0.991 0.966 0.892 1. 046 
18.13 0.682 0.994 0.960 0.875 1. 025 
20.85 0.791 0.996 0.954 0.858 1. 011 
25.83 0.998 0.999 0.944 0.828 1. 000 
26.20 1.000 1.000 0.943 0.826 1.000 
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'Y 
-2-
1. 000 
1. 000 
1. 002 
1. 013 
1. 040 
1. 078 
1.114 
1.159 
1. 267 
1. 275 
Table 28. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Y1-
I{) '{) 'Y 
-1- -1- -2- -1-
0.56 0.000 0.000 1.000 0.995 1. 215 
1.17 0.013 0.518 0.999 0.990 1. 210 
4.39 0.084 0.877 0.992 0.971 1.181 
10.84 0.240 0.958 0.980 0.935 1.126 
17.70 0.420 0.979 0.967 0.898 1. 075 
23.91 0.572 0.988 0.955 0.865 1.042 
28.04 0.682 0.992 0.948 0.845 1. 023 
32.19 0.791 0.995 0.940 0.824 1. 010 
40.24 0.998 0.999 0.926 0.786 1 .. 000 
40.85 1.000 1. 000 0.925 0.784 1.000 
( 
.) 
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'Y 
-2-
1. 000 
1. 000 
1. 001 
1. 010 
1. 034 
1. 067 
1.099 
1.139 
1. 238 
1. 246 
'.-· .... ___ , •• -.- > 
Table 29. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) 
----Xi- -Yi-
I{) I{) 'Y 
-1- -2- -1-
1. 05 0.000 0.000 1. 001 0.992 1.180 
1. 90 0.013 0.447 0.998 0.989 1.175 
6.42 0.084 0.843 0.990 0.964 1.153 
15.68 0.240 0.945 0.975 0.921 1.108 
25.70 0.420 0.973 0.959 0.876 1. 066 
34.72 0.572 0.984 0.945 0.838 1. 037 
40.81 0.682 0.989 0.935 0.814 1. 021 
47.03 0.791 0.993 0.926 0.789 1.009 
58.63 0.998 0.999 0.908 0.746 1. 000 
59.88 1.000 1.000 0.906 0.741 1.000 
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'Y 
-2-
1.000 
1.000 
1. 001 
1.009 
1. 029 
1.056 
1. 085 
1.120 
1. 209 
1. 216 
Table 30. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Yi- I{) I{) 'Y 
-1- -1- -2- -1-
1. 94 0.000 0.000 1.001 0.988 1.145 
3.15 0.013 0.311 0.998 0.982 1.141 
9.43 0.084 0.756 0.988 0.954 1.124 
22.68 0.240 0.909 0.969 0.903 1. 090 
36.99 0.420 0.955 0.949 0.851 1.056 
50.15 0.572 0.973 0.932 0.806 1.032 
59.00 0.682 0.982 0.920 0.777 1.018 
68.22 0.791 0.989 0.908 0.749 1. 008 
86.20 0.998 0.999 0.885 0.696 1. 000 
87.46 1. 000 1.000 0.884 0.692 1.000 
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'Y 
-2-
1. 000 
1.000 
1. 001 
1. 007 
1. 023 
1. 046 
1. 070 
1.100 
1.177 
1.183 
Table 31. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) 
---X1- ~1-· 
I{) I{) 'Y 
-1- -2- -1-
0.07 0.000 0.000 1. 001 0.999 2.477 
0.3 0.004 0.911 1. 000 0.997 2.466 
1.4 0.008 0.959 0.998 0.988 2.458 
11. l 0.045 0.993 0.986 0.921 2.365 
11. 3 0.054 0.994 0.986 0.920 2.342 
25.5 0.115 0.997 0.968 0.830 2.199 
38.7 0.175 0.998 0.952 0.755 2.069 
65.8 0.355 0.999 0.919 0.621 1. 725 
83.7 0.502 0.999 0.898 0.546 1. 491 
91.4 0.610 0.999 0.889 0.516 1. 342 
102.4 0.793 0.999 0.877 0.477 1.136 
113.3 0.949 0.999 0.865 0.441 1. 014 
116.3 1.000 1.000 0.861 0.432 1.000 
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'Y 
-2-
1.000 
1.000 
1.000 
1. 001 
1.002 
1.007 
1. 018 
1.088 
1. 215 
1. 388 
2.086 
4.841 
8.725 
Table 32. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Yi- 'P I{) 'Y 
-1- -1- -2- -1-
0.13 0.000 0.000 1. 001 0.998 2.389 
0.4 0.004 0.857 1. 000 0.997 2.379 
1. 8 0.008 0.939 0.998 0.988 2.371 
14.5 0.045 0.991 0.985 0.917 2.289 
15.0 0.054 0.991 0.984 0.914 2.265 
34.7 0.115 0.996 0.963 0.815 2.133 
53.4 0.175 0.997 0.944 0.730 2.012 
92.6 0.355 0.998 0.905 0.581 1. 690 
120.5 0.502 0.999 0.878 0.494 1. 469 
133.5 0.610 0.999 0.866 0.458 1.326 
149.1 0.793 0.999 0.852 0.418 1.128 
167.8 0.949 0.999 0.835 0.375 1. 013 
173.6 1. 000 1. 000 0.829 0.363 1.000 
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'Y 
-2-
1.000 
1. 000 
1. 000 
1. 001 
1.002 
1.007 
1. 017 
1. 084 
1. 206 
1. 372 
2.035 
4.524 
7.749 
Table 33. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) 
~1- ---Yi- 'P 'P 'Y -1- -2- -1-
0.28 0.000 0.000 1.002 0.997 2.310 
0.7 0.004 0.755 1.000 0.995 2.301 
2.5 0.008 0.897 0.998 0.985 2.294 
19.1 0.045 0.985 0.983 0.909 2.216 
19.7 0.054 0.986 0.982 0.906 2.195 
45.4 0.115 0.993 0.959 0.800 2.074 
70.3 0.175 0.995 0.938 0.710 1. 961 
125.0 0.355 0.997 0.892 0.545 1.658 
166.2 0.502 0.998 0.859 0.447 1.447 
185.9 0.610 0.998 0.844 0.406 1. 312 
208.7 0.793 0.999 0.826 0.364 1.122 
238.3 0.949 0.999 0.804 0.316 1. 012 
249.6 1. 000 1. 000 0.796 0.300 1. 000 
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'Y 
-2-
1. 000 
1. 000 
1. 000 
1. 001 
1. 001 
1. 007 
1. 016 
1. 081 
1.198 
1. 357 
1. 987 
4.246 
6.959 
' i 
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Table 34. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Yi-
. ip ip 'Y 
-1- -1- -2- -1-
0.56 / 0. 000 0.000 1. 002 0.995 2.239 
1. 0 0.004 0.619 1.000 0.993 2.230 
3.3 0.008 0.843 0.999 0.982 2.224 
24.2 0.045 0.976 0.981 0.901 2.151 
24.7 0.054 0.977 0.981 0.900 2.133 
57.6 0.115 0.989 0.956 0.787 2.019 
89.6 0.175 0.992 0.932 0.691 1. 914 
161. 4 0.355 0.995 0.881 0.517 1. 628 
220.2 0.502 0.996 0.842 0.407 1. 428 
250.2 0.610 0.997 0.822 0.361 1. 298 
' 
283.1 0.793 0.998 0.801 0.316 1.116 
330.3 0.949 0.999 0.772 0.262 1. 011 
347.6 1.000 1. 000 0.762 0.245 1.000 
75 
'Y 
-2-
1. 000 
1. 000 
1. 000 
1. 001 
1. 001 
1. 007 
1. 016 
1. 078 
1.191 
1. 343 
1. 942 
3.999 
6.310 
' ' 
···~ 
Table 35. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
P(psia) X 
-Yi-
I{) I{) 'Y 
-~1-
-1- -2- -1-
1.05 0.000 0.000 1.003 0.992 2.177 
1. 7 0.004 0.478 1. 001 0.989 2.169 
4.2 0.008 0.763 0.998 0.979 2.163 
29.7 0.045 0.962 0.980 0.895 2.095 
30.0 0.054 0.964 0.980 0.894 2.077 
70.6 0.115 0.983 0.953 0.776 1. 971 
110.1 0.175 0.988 0.928 0.676 1.872 
201.2 0.355 0.993 0.872 0.493 1. 601 
280.7 0.502 0.994 0.827 0.374 1. 410 
323.9 0.610 0.995 0.803 0.322 1.285 
368.3 0.793 0.996 0.779 0.277 1.110 
445.7 0.949 0.998 0.739 0.213 1.011 
467.2 1. 000 1. 000 0.728 0.199 1.000 
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'Y 
-2-
1. 000 
1. 000 
1.000 
1. 001 
1. 001 
1.006 
1. 015 
1. 075 
1.184 
1. 331 
1. 902 
3.788 
5.790 
Table 36. 
Calculated Fugacity and Activity Coefficients 
for the Binary System CF4 ( 1) - CC1F3 (2) at 199.81 K 
P(psia) X 
~1-
ip ip 'Y 'Y 
-1- -1- -2- -1- -2-
22.4 0.000 0.000 0.986 0.948 1. 493 1.000 
29.2 0.028 0.228 0.978 0.933 1. 460 1.000 
30.3 0.033 0.294 0.976 0.931 1. 455 1.000 
35.5 0.054 0.381 0.971 0.921 1. 431 1. 001. 
45.7 0.091 0.532 0.960 0.901 1. 393 1.003 
50.0 0.119 0.581 0.956 0.893 1. 365 1. 006 
52.2 0.125 0.602 0.954 0.889 1. 360 1. 006 
75.4 0.240 0.738 0.932 0.847 1. 261 1. 023 
77.2 0.242 0.753 0.930 0.844 1. 260 1. 024 
109.1 0.362 0.828 0.909 0.806 1.179 1.054 
I 
.I 
105.2 0.392 0.829 0.905 0.797 1.161 1.063 
121.0 0.472 0.863 0.891 0.773 1.120 1. 093 
123.1 0.494 0.877 0.889 0.770 1.109 1.102 
137.6 0.561 0.890 0.876 0.747 1. 081 1.134 
150.1 0.649 0.917 0.866 0.730 1.052 1.184 
153.0 0.649 0.911 0.863 0.725 1.052 1.184 
171. 7 0.746 0.934 0.848 0.699 1. 027 1. 251 
174.5 0.778 0.948 0.845 0.695 1. 020 1. 276 
185.9 0.823 0.951 0.836 0.679 1. 013 1. 314 
199.6 0.895 0.974 0.825 0.662 1. 005 1. 383 
202.0 0.897 0.971 0.823 0.659 1.005 1. 384 
219,1 1.000 1. 000 0.810 0.639 1.000 1.502 
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Table 37. 
Calculated Fugacity and Activity Coefficients 
for the Binary System 
CF4 (1) - CC1F3 (2) at 222.04 K 
P(psia) 
~1- ___yl_ I{) I{) 'Y -1- -2- -1-
58.8 0.000 0.000 0.973 0.907 1. 493 
78.3 0.046 0.257 0.957 0.879 1. 435 
98.8 0.094 0.420 0.941 0.852 1. 380 
124.6 0.160 0.549 0.923 0.820 1. 314 
164.9 0.267 0.671 0.897 0.773 1. 226 
196.4 0.354 0.734 0.877 0.738 1.168 
212.5 0.403 0.762 0.867 0.721 1.141 
221.2 0.428 0.776 0.862 0.713 1.128 
255.7 0.527 0.824 0.841 0.679 1. 084 
270.8 0.573 0.834 0.832 0.664 1. 068 
302.6 0.651 0.864 0.814 0.635 1. 044 
322.9 0.701 0.885 0.802 0.617 1. 032 
348.2 0.762 0.905 0.789 0.596 1. 020 
373.9 0.824 0.924 0.775 0.575 1.011 
403.4 0.886 0.946 0.759 0.553 1.004 
430.5 0.934 0.968 0.745 0.533 1. 002 
459.0 1.000 1.000 0.730 0.514 1. 000 
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Figure 11. 
Pressure - Composition Diagram for the Binary System 
CC1F3 (1) - c2cl2F4 (2) at 183.00 K 
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Figure 12. 
Pressure - Composition Diagram for the Binary system 
CC1F3 (1) - c2cl2F4 (2) at 193.00 K 
80 
-> < 
-CJ) 
a. 
-w 
a: 
::::, 
CJ) 
CJ) 
w 
a: 
a. 
28.0 
26.2 
22.4 
19.6 
16.8 
14.0 
11.2 
8.4 
6.6 
2.8 
0.0 L--~~---'~~~---'-~~~----'-~~~----'-~~~~ 
o.o 0.2 o.4 o.6 o.8 1.0 
X1 
Figure 13. 
Pressure - Composition Diagram for the Binary System 
CC1F3 (1) - c 2cl2F4 (2) at 203.00 K 
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Figure 14. 
Pressure - Composition Diagram for the Binary System 
CC1F3 (1) - c2cl2F4 (2) at 213.01 K 
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Figure 15. 
Pressure - Composition Diagram for the Binary System 
CC1F3 (1) - c2cl2F4 (2) at 222.61 K 
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Figure 16. 
Pressure - Composition Diagram for the Binary System 
CC1F3 (1) - c 2cl2F4 {2) at 233.00 K 
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Figure 17. 
Pressure - Composition Diagram for the Binary System 
CF4 (1) - c 2cl2F4 (2} at 183.00 K 
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Figure 18. 
Pressure - Composition Diagram for the Binary system 
CF4 (1) - c 2cl2F4 (2) at 193.00 K 
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Figure 19. 
Pressure - Composition Diagram for the Binary System 
CF4 (1) - c2cl 2F4 (2) at 203.00 K 
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Figure 20. 
Pressure - composition Diagram for the Binary System 
CF
4 
(1) - c 2cl2F4 (2) at 213.01 K 
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Figure 21. 
Pressure - Composition Diagram for the Binary System 
CF4 (1) - c2cl 2F4 (2) at 222.61 K 
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Figure 22. 
Pressure - Composition Diagram for the Binary System 
CF
4 
(1) - CC1F3 (2) at 199.81 K 
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Pressure - Composition Diagram for the Bi~ary System 
CF4 (1) - CC1F3 (2) at 222.04 K 
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Figure 24. 
Activity Coefficients for the Binary System 
CC1F3 - c2cl2F4 at 183.00 K 
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Figure 25. 
Activity coefficients for the Binary System 
CC1F3 - c2cl 2F4 at 193.00 K 
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· Figure 26. 
Activity Coefficients for the Binary System 
CC1F3 - c2cl 2F4 at 203.00 K 
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Figure 27. 
Activity Coefficients for the Binary System 
CC1F3 - c 2cl 2F4 at 213.01 K 
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Figure 28. ' 
Activity Coefficients for the Binary System 
CC1F3 - c2cl2F4 at 222.61 K 
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Figure 29. 
Activity Coefficients for the Binary System 
CC1F3 - c2cl2F4 at 233.00 K 
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Figure 30. 
Activity Coefficients for the Binary System 
CF4 - c2cl2F4 at 183.00 K 
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Figure 31. 
Activity Coefficients for the Binary System 
CF4 - c 2cl2F4 at 193.00 K 
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Figure 32. 
Activity Coefficients for the Binary system 
CF4 - c 2cl2F4 at 203.00 K 
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Figure 33. 
Activity coefficients for the Binary system 
CF4 - c2cl 2F4 at 213.01 K 
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Figure 34. 
Activity Coefficients for the Binary system 
CF4 - c 2cl 2F4 at 222.61 K 
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Figure 35. 
Activity Coefficients for the Binary System 
CF4 - CC1F3 at 199.81 K . 
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Figure 36. 
Activity Coefficients for the Binary System 
CF4 - CC1F3 at 222.04 K 
104 
~----
i. -~·-, 
6.6 Wilson Constants 
Wilson constants for the binary mixtures calculated by the 
parameter estimation program can be found in Tables 38-40. These 
values were correlated as a function of temperature by plotting 
natural log of the Wilson constants vs 1/T. These plots can be 
seen in Figures 37-39. 
~5 
'· t 
Table 38. 
Wilson Constants for the Binary System 
CC1F3 (1) - c 2cl 2F4 (2) 
T (K) A12 A21 
183.00 0.817 0.892 
193.00 0.880 0.876 
203.00 0.955 0.831 
213.01 1.009 0.795 
222.61 1.018 0.801 
233.00 1.181 0.708 
106 
Table 39. 
Wilson Constants for the Binary System· 
T (K) A12 A21 
183.00 0.968 0.116 
193.00 1. 008 0.128 
203.00 1. 026 0.145 
213.01 1.050 0.154 
222.61 1. 052 0.158 
Table 40. 
Wilson Constants for the Binary System 
CF4 ( 1) - CC1F3 ( 2) 
T (K) A12 A21 
199.81 0.822 0.796 
222.04 0.738 0.903 
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Figure 37. 
Wilson Constants vs 1/T for the Binary System 
CC1F3 (1) - c2cl 2F4 (2) 
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Wilson Constants vs 1/T for the Binary System 
CF4 (1) - c 2cl 2F4 (2) 
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Figure 39. 
Wilson Constants vs 1/T for the Binary System 
CF 4 ( 1) - CClF 3 ( 2) 
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7. Prediction of Quaternary Equilibria 
Wilson constants for the binaries were used in equation 6'~ 4-6 to 
predict liquid phase activity coefficients for the quaternary 
system A~ - CF4 - CC1F3 
- c2c1 2F4 . The Wilson co
nstants for the 
binary systems CC1F 3 - c2cl2F4, CF4 - c2
cl2F4, and CF4 - CC1F 3 
were calculated from experimental data taken in this 
investigation, as previously discussed. Lack of experimental 
data for the binary systems Ar - CF4 , Ar - CC1F3 , and Ar -
c
2
cl
2
F4 
necessitated assumptions in determining values for their 
Wilson constants. 
Examination of the Wilson equation reveals dependence on six 
terms: v., v., A .. , A,., R, and T. The gas constant, R, and 
l J l] 11 
temperature are fixed, known values. The A's represent 
interaction energies between molecules designated by the 
subscripts. Interaction energies for argon - argon and argon - X 
can be assumed equal to zero beqause of argon's nearly ideal 
behavior. This assumption eliminates two interaction constants, 
A,. and A.,. where i = argon, for each pair of Wilson constants. 
l] 11 
Although not necessarily zero, the remaining interaction 
parameter, A,. where i = X, is assumed ideal for lack of data. 11 
These assumptions reduce the definition of the Wilson constants 
to a ratio of liquid molar volumes. Liquid molar volumes for the 
" 3 4 5 
chlorofluorocarbons are known' ' ; a hypothetical liquid molar 
111 'I I 
' 
volume of 57.1 cc/gmole was used for argon
14 
. 
13 A multicomponent bubble point program , adapted to include the 
Wilson equation, was used to predict quaternary vapor pressures. 
Calculated and experimental results can be found in Table 41 and 
~ 
Figure 40. Percent error in Table 41 is defined as (Cale P -
Exp P)/Exp P. 
L 
As seen in Figure 40, predicted results display a positive 
deviation from experimental data. If each parameter is examined 
as a possible source of error, this deviation can be explained. 
~There are four parameters that could cause deviation: ~, foL, 1, 
and x. The fugacity coefficient and standard-state liquid 
fugacity are unlikely sources of error because they can be 
calculated with reasonable accuracy and confidence. The likely 
sources for the deviation are the activity coefficient and the 
liquid phase mole fraction. 
The assumed Wilson constants used to calculate activity 
coefficients may not accurately represent the system. 
Interaction energies for the Ar - Ar, Ar - X, and X X pairs may 
significantly affect the quaternary vapor pressure, contrary to 
the assumed idealities. In all probability, the greatest of 
these deviations result from the X - X interaction. Another 
~ 
possible source of error in tne assumed Wilson constants is the 
constant liquid molar volume for argon. This hypothetical value 
may be a function of temperature and/or pressure. 
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The analytical technique for quaternaries may have been 
quantitatively inaccurate. Broad peaks and tailing introduced 
inconsistancies in determining liquid phase mole fractions. 
I 
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Table 41. 
Predicted Total Pressures of Quaternary Mixtures 
Ar ( 1} - CF 4 (2) - CC1F3 (3) - c 2cl 2F4 ( 4) 
T (K) 
~1- X ~3- ~4- Exp P 
Cale p %Error 
-2-
183.00 0.022 0.049 0.846 0.083 38,. 3 40.04 4.5 
193.00 0.022 0.049 0.846 0.083 50.4 54.42 8.0 
203.00 0.022 0.049 0.846 0.083 66.1 72.73 10.0 
213.01 0.022 0.049 0.846 0.083 86.1 95.71 11. 2 
F 
222.61 0.022 0.049 0.846 0.083 110.2 122.72 11. 4 
233.00 0.022 0.049 0.846 0.083 142.7 156.83 9.9 
183.00 0.033 0.177 0.666 0.124 68.1 68.84 1.1 
193.00 0.033 0.177 0.666 0.124 89.0 93.08 4.6 
203.00 0.033 0.177 0.666 0.124 114.6 122.88 7.2 
213.01 0.033 r/1 0.177 0.666 0.124 145.7 158.73 8.9 
222.61 0.033 0.177 0.666 0.124 181. 3 198.64 9.6 
233.00 ,0. 03 3 0.177 0.666 0.124 227.9 241.08 5.8 
183.00 0.033 0.198 0.658 0.111 77.6 71. 63 -7.7 
193.00 0.033 0.198 0.658 0.111 100.6 97.13 -3.4 
203.00 0.033 0.198 0.658 0.111 128.9 128.52 -0.3 
213.01 0.033 0.198 0.658 0.111 162.8 166.26 2 .1 
222.61 0.033 0.198 0.658 0.111 201.0 208.27 3. 6 
233.00 0.033 0.198 0.658 0.111 249.8 252.11 0.9 
222.76 0.016 0.145 0.517 0.322 135.8 138.99 2.3 
-222.71 0 .,012 0.270 0.353 0.365 193.9 185.06 -4.5 
222.71 0.016 0.417 0.294 0.273 273.6 256.20 -6.4 
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Figure 40. 
Predicted Pressure vs Experimental Pressure for 
the Quaternary Mixtures 
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Conclusions 
1. Incorporating the assumptions discussed, vapor pressures 
of quaternary mixtures of Ar - CF4 - CC1F3 - c2cl2F4 can 
be predicted to +/-4% through the range of 183 K to 233 K. 
2. The Prausnitz equation13 best describes pure component 
vapor pressure as a function of temperature for these 
components through the range examined. 
3. ·~he total pressure method (PTx) is a very efficient 
method for collecting vapor-liquid equilibrium data, but 
was not well suited for this particular study. Because 
the components were gases at room temperature, the 
materials were handled differently than in published PTx 
studies. There was always a chance for contamination 
because there was no freeze/evacuate/thaw/repeat 
procedure for degassing the samples before the VLE 
measurements were made. The procedure for collecting the 
liquid phase for analysis after~ set of temperatures 
assumed that all the material would collect in the sample 
cylinder and freeze with a zero mmHg vapor pressure at 
liquid nitrogen temperature (-195.a0 c), which is a 
dangerous assumption. Since the PTx method is based on 
only liquid phase mole fraction measurements, this 
t 
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measurement is crucial. The liquid phase mole fraction 
measurements made during this study have the highest 
probability of developing error due to the special 
handling considerations caused by the low boiling points 
of the components studied. For these reasons, the PTx 
method as applied through this apparatus is not 
recommended for systems with low boiling points. 
4. Binary liquid phase non-ideality increased with 
increasing difference in volatility, i.e., 
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D 
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f(O) ,f(l) 
G 
gE 
h 
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V 
V 
X 
y 
ac 
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A 
X 
~ 
"'b 
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Nomenclature 
second virial coefficient, cc/gmole 
constants in the Prausnitz vapor pressure eqn.(5-12) 
constant in the Riedel vapor pressure eqn. (5-5) 
fugacity, bars or psia 
Pitzer-curl factors for Tsoriopoulos eqn. (6.2-5) 
constant in Riedel-Plank-Miller eqn. (5-9) 
excess Gibbs energy 
constant in Riedel-Plank-Miller eqn. (5-10) 
constant in Riedel-Plank-Miller eqn. (5-11) 
pressure, psia 
gas constant 
temperature, K 
volume, cc 
molar volume, cc/gmole 
liquid phase mole fraction 
vapor phase mole fraction 
constant in the Riedel vapor pressure eqn. (5-6) 
activity coefficient 
Wilson constant 
interaction energies of the Wilson constants, cal/gmo 
fugacity coefficient 
constant in the Riedel vapor pressure eqn. (5-7) 
acentric factor 
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subscripts 
br 
C 
i' j 'k 
r 
superscripts 
E 
L 
0 
s 
V 
\ 
boiling reduced 
critical 
component i, j' k 
reduced 
excess 
liquid 
standard state 
saturation 
' : 
vapor 
' 
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